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Experiments were conducted to determine changes occurring during early growth of Avicennia marina (Forssk.) 
Vierh. seedlings after shedding of the pericarp. Treatments included growth in the field and in growth cabinets 
at 21 ° and 25°C; and in a second experiment in growth cabinets at 17° and 23°C. Cotyledons showed a decrease 
in dry mass, and the hypocotyl and epicotyl increased in length initially before reaching a constant length. Growth 
rates of the shoot showed significant differences: 1rC < field conditions < 21°C = 23°C < 25°C. Inability to 
recover the entire root systems of seedlings in the field prevented meaningful comparisons of these organs. In 
terms of total dry mass, seedlings at 25°C showed a slow initial increase, while those in the field and at 1rC 
suffered a decrease. Analysis of cotyledonary material indicated that there was an initial rapid decrease in TNC 
(total non·structural carbohydrates) and lipid contents to a constant low level. The mass of TNC in the cotyledons 
indicated that this was a more important reserve material than lipids. Protein contents of the cotyledons showed 
a pattern of decrease which was similar to that of the dry mass of the cotyledons. The role of the cotyledons 
in early growth, during which seedlings are extremely vulnerable, is discussed . 
Eksperimente is uitgevoer om veranderinge gedurende die vroee groeistadiums van Avicennia marina (Forssk.) 
Vierh.·saailinge, nadat die peri carp afgewerp is, te bepaal. Behandelings is uitgevoer in die veld en in groeikabinette 
teen 21° en 25°C; en in 'n tweede eksperiment in groeikabinette teen 1r en 23°C. Die saadlobbe het 'n afname 
in droe massa getoon en die hipokotiel en epikotiel het aanvanklik in lengte toegeneem voordat 'n konstante 
lengte bereik is. Groeitempo's van die stingel het betekenisvolle verskille getoon: 1rC < veldtoestande < 21 °C 
= 23°C < 25°C. Onvermoe om die hele wortelstelsel van die saailinge in die veld te herwin het verhinder dat 
betekenisvolle vergelykings van hierdie organe gemaak kon word. Wat die totale droe massa betref, het saailinge 
wat by 25°C gekweek is aanvanklik 'n stadige toename getoon, terwyl die wat in die veld en by 1rc gekweek 
is, 'n afname getoon het. 'n Analise van die saadlobmateriaal het aangetoon dat daar aanvanklik 'n drastiese 
vermindering in TNC (totale nie·strukturele koolhidrate) en lipiedinhoud plaasgevind het wat later op 'n laer vlak 
konstant gebly het. Die hoeveelheid TNC in die saadlobbe het aangetoon dat dit 'n belangriker reserwe stof as 
lipiede is. Die prote"leninhoud van die saadlobbe het 'n afnamepatroon getoon wat soortgelyk was aan die van 
die droe massa van die saadlobbe. Die rol van die saadlobbe gedurende vroee groei, wanneer die kiemplante 
besonder kwesbaar is, word bespreek. 
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Introduction 
A vicennia marina (Forssk.) Vierh. is the most widely distri-
buted mangrove in South Africa. Under natural conditions 
it extends southwards almost to East London and is common 
throughout its range (Ward & Steinke 1982). This species 
therefore grows under different climatic conditions, although 
probably the greatest difference from its northern to southern 
limits is in mean temperature. As low temperature has been 
suggested as a significant factor limiting early growth of A . 
marina seedlings towards its southern limits (Steinke 1975), 
it was considered important to investigate the effect of this 
factor on utilization of storage compounds and on early 
growth of seedlings. For this reason two experiments were 
conducted: one in the field as well as in growth cabinets at 
21 °C and 25 °C; the other in growth cabinets at 17°C and 
23 0c. The second experiment has been included to provide 
an indication of response to low temperature. However, the 
first experiment was more comprehensive and, as results for 
both showed similar trends, the second experiment will be 
reported on in less detail. 
Methods 
First Experiment 
Mature propagules of A. marina were collected during March 
1979 from the Beachwood Nature Reserve and placed in 
17° / ° ° sea water for 24 h so that the pericarps could be shed. 
Thereafter the propagules were removed and divided into 25 
batches of ten, each batch having approximately the same 
mass. One batch was used as a zero time sample in which 
each propagule was separated into inner cotyledon, outer 
cotyledon and hypocotyl and then used for dry mass deter-
minations and chemical analyses . 
The remaining batches of propagules were subjected to 
three treatments as follows: 
(i) Field conditions (mean temperature 20,2°C) 
Twelve batches of propagules were planted initially in trays 
of coarse sand in the glasshouse to promote rooting. After 
1 week the seedlings were transplanted carefully in the Beach-
wood Nature Reserve into a moist area which was being 
colonized naturally by A. marina. Due to an anticipated loss 
of seedlings under natural conditions twice the estimated 
number of required seedlings were planted. Mean temperature 
was calculated from (daily max + daily minl2) for March, 
April and May, 1979. Light intensity showed large variations, 
but on a cloudless day a value of 800 ~E m - 2 sec - I was 
measured at noon with a Licor Quantum Meter. 
(ii) Growth cabinet at 21 °C 
Six batches were planted - five propagules per 6-1 pot to limit 
overcrowding - in a 50:50 mixture of coarse sand and soil. 
These pots were watered initially with 17%0 sea water, 
thereafter with tap water and checks on salinity during the 
experiment revealed values comparable to that of the inter-
stitial water (16° / ° 0) in the vicinity of the transplanted seed-
lings. The photoperiod in the growth cabinet was set on a 
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14-h lightl1O-h dark cycle with a light intensity of 140 IJ.E 
m - 2 sec - 1 at plant height. 
(iii) Growth cabinet at 25°C 
Six batches were subjected to the same treatment as in (ii) 
above except that the growth cabinet was set at 25°C. 
A batch of ten seedlings was harvested from each treatment 
fortnightly. Of the 120 seedlings planted at the Beachwood 
Nature Reserve, less than half survived to be harvested. At 
each harvest, seedlings were removed carefully from the 
substrate, although it was not possible to recover the intact 
root system of the field plants after the third harvest. The 
following morphometric data were recorded for each seedling: 
number and length of roots, length of shoot (above epicotyl), 
length of hypocotyl and epicotyl, and leaf areas as measured 
on an airflow planimeter (Jenkins 1959). All material was 
dried in a force-draught oven at 70°C for 1 week and the 
dry mass of each part determined. Dry material was milled 
in a Cassella mill to pass a I-mm-mesh sieve and analysed 
for total nonstructural carbohydrates (TNC) (Marais 1965), 
nitrogen (Horwitz 1965) and crude fat content using a Soxhlet 
apparatus. 
Second Experiment 
The same procedures for growing the seedlings, from propa-
gules collected in April 1980, were used except that there were 
only five replications and the growth period was 10 weeks 
(70 days). The temperature treatments were l7°C and 23°C 
in growth cabinets which otherwise provided the same condi-
tions as above. No chemical analyses were carried out. 
Temperature Data 
Data are provided (Table 1) on mean air temperature for four 
localities which support mangrove communities (S.A. Weather 
Bureau). Propagule fall takes place in Marchi April (Steinke 
and Ward, in preparation). At this time mean air temperatures 
are decreasing. 
Results 
Treatments had clearly perceptible effects on growth of 
seedlings. Figure 1 shows early stages of growth over a period 
of 2 weeks at 21°C. At 25°C seedlings were more advanced, 
on the other hand those in the field had reached that stage 
after only 4 weeks. By the end of the experimental period 
(12 weeks) seedlings at 25°C had produced five pairs of leaves, 
of which two pairs were fully expanded, while seedlings at 
21°C and in the field had three and two pairs of leaves 
Table 1 Monthly mean air temperatures (0C) 
East Port Cape 
London St Johns Durban St Lucia 
1 21,5 22,3 23,9 24,6 
2 21,9 22,8 24,1 24,7 
3 21,1 22,0 23,3 24,1 
4 19,3 20,9 21,6 22,6 
5 17,7 19,6 19,1 20,0 
6 15,7 18,1 17,0 17,9 
7 15,6 17,3 16,5 17,9 
8 16,2 17,7 17,5 18,9 
9 16,9 18,3 18,8 20,0 
10 17,9 19,1 20,1 21,1 
II 19,1 20,2 21,5 22,5 
12 20,3 21,5 22,9 23,6 
Mean 18,7 20,0 20,5 21,5 
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respectively. Only the lowest pair of leaves at 21°C was fully 
expanded. Similar results were obtained in the second experi-
ment where, with the exception of one pair at 23°C, no other 
leaves were fully expanded by the end of the experimental 
period. 
For the sake of clarity, data for dry mass of inner and outer 
cotyledons were combined for each treatment. These organs 
showed a decrease in mean mass in each treatment (Figure 
2). Seedlings at 25°C and l7°C showed significantly faster 
and slower decreases in mass (P < 0,01) respectively compared 
with the other treatments which were themselves not con-
sistently significantly different from each other. No value was 
available after 56 and 70 days at 23° and 25°C respectively 
because some cotyledons had abscised. As all treatments 
showed the same pattern of decrease in dry mass of inner 
and outer cotyledons, treatment data were combined for a 
comparison of decreases in mean mass of these two parts. 
Although in the first experiment the mass of inner and outer 
cotyledons was significantly different initially (P < 0,01) and 
after the first harvest (P < 0,05) (Figure 3), no other signifi-
cance was obtained in both experiments. 
Both the hypocotyl and epicotyl showed an initial increase 
in length after which the length remained constant. While both 
organs under field conditions were significantly shorter than 
those in the growth cabinets, there was no difference in 
hypocotyls at 21 ° and 25°C, although epicotyls were signi-
ficantly longer at 25°C (Table 2). Similar results were ob-
tained in the second experiment. Growth of shoots was also 
Figure 1 Stages in the establishment of propagules of A . marina at 
21°C. From left to right : a propagule immediately after shedding its 
pericarp; 2 days after shedding; 7 days after shedding; and 2 weeks 
after shedding. 
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Figure 2 Mean dry mass of cotyledons for each treatment in both 
experiments. 
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influenced by the treatments (Figure 4). The linear term, Y = 
a + bx, was fitted to the shoot data for both experiments. 
Examination of the various regression coefficients, b, in the 
above equation (Snedecor 1957) provided a basis of compari-
son of mean relative rates of elongation. While there was no 
significant difference between the rates for 21 °e and 23°e, 
significance was obtained with all other treatments. 
As it was not possible to recover the entire root system of 
field plants, root data were not subjected to statistical analysis. 
However, it does appear that there was a steady increase in 
mean dry mass of roots in all treatments (Figure 5), although 
the increase at 17°e was very slow. Statistical analysis of 
root dry mass after 70 days in the growth cabinet treat-
ments revealed that values at 17°e were significantly lower 
(P < 0,01) than at other temperatures, while those at 25°e 
were significantly higher (P < 0,05) than at 21°e and 23°e 
which were themselves not significantly different. The dotted 
line gives a projected value for the field plants, based on the 
assumption that there would have been as steady an increase 
in the field as for 21°C. 
en 900 S ~. fJ) 800 
c: ~e~ • outer 0 700 • inner "0 ., 
Z' 600 ~. 0 
u 500 e,~ '0 400 
fJ) 
fJ) 300 ~:--.--. 
"' 
e __ e ~ 200 
o 14 28 42 56 70 84 
Days 
Figure 3 Mean dry mass of outer and inner cotyledons in the first 
experiment. 
E 
E 
"" 
'" c: 
'" ...J 
550 
500· 
450 
400 
350 
300 
25 
20 
Table 2 Mean final lengths (mm) 
of hypocotyls and epicotyls of seed-
lings in the first experiment 
Treatments Hypocotyl Epicotyl 
Field 34,2 95,9 
21 °C 43,2 115,9 
25°C 42,6 141,1 
LSD (50/0) 3,5 7,1 
(l %) 4,9 10,2 
25't Y=32,23 + 5 ,83 x 
field v=1,65'2 ,27x 
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Figure 4 Fitted curves for shoot length data in both experiments. 
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The mean dry mass of whole plants showed marked 
differences in response to treatment (Figure 6). After a slow 
initial increase there was a steady gain in mass of seedlings 
at 25°e. Mass of seedlings at 21°e remained constant for 
8 weeks before a definite increase occurred. However, in the 
seedlings under field conditions, a decrease in mass was 
recorded and it was projected that, had it been possible to 
recover intact roots, the mass of the plants at the end of the 
observation period (12 weeks) would only then have been 
equal to their mass at the start of the project. In the second 
experiment the dry mass of seedlings at 23°e remained 
constant for 6 weeks before an increase occurred. At 17°e 
there was a decrease similar to that experienced in the field 
and after 10 weeks the mass of the seedlings still had not 
recovered to their initial level. 
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Figure 5 Mean dry mass of roots in both experiments. 
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Figure 6 Mean total dry mass of plants in the first experiment. 
700 
en 
..§ 600 
fJ) 500 
.... 
c: 
! 400 
c: 300 0 
u 
200 
U 100 
Z 
f- 0, 
0 
• 25°C 
e 21 ° C 
.. field 
i~,~_o 
--.====.0-. 
-,
14 28 42 56 70 84 
Days 
Figure 7 Mean TNC contents of cotyledons for each treatment of the 
first experiment. 
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There were no significant differences in TNC contents 
between inner and outer cotyledons although the decrease after 
14 days was significantly more rapid (P < 0,05) in the outer 
parts. There was no significance in TNC contents between 
treatments (Figure 7) which showed a rapid initial decrease 
followed by a very slow further decrease. Similar results were 
obtained in the case of lipid contents (Figure 8). Decreases 
in protein contents (Figure 9) revealed a trend similar to the 
decrease in cotyledon mass (Figure 2). For all treatments the 
correlation coefficient between decrease in mass of cotyledons 
and protein content was 0,99 which is very highly significant 
(P < 0,01). However, when protein per unit cotyledon mass 
was considered, there was a significantly slower decrease 
(P < 0,05) under field conditions than at 21°C and 25°C 
which were themselves not significantly different. 
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Figure 8 Mean lipid contents of cotyledons for each treatment of the 
first experiment. 
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Figure 9 Mean protein contents of cotyledons for each treatment of 
the first experiment. 
Discussion 
The length of hypocotyls and epicotyls was influenced by the 
different treatments. These organs in the 17°, 21 0, 23°C and 
field treatments never reached the length achieved at 25°C 
which is in keeping with the early work of Vogt (1915) and 
suggests that the reason is possibly hormonal in addition to 
assimilative. Generally, as mangroves approach the limits of 
their distribution outside the tropics, they tend to become 
shorter (Chapman 1983; MacNae 1966). 
There were also marked differences in length of shoots and 
roots in the different treatments. As mangroves are of tropical 
origin, it was not surprising that a significantly higher relative 
rate of shoot elongation was recorded at the high temperature 
(Figure 4). 
Although there have been some studies on the respiration 
of mangrove seedlings (Chapman 1962a, b; Brown et al. 
1969), little work has been conducted on the utilization of 
organic storage compounds during early growth. On the basis 
of this work it is possible to speculate on the function of the 
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cotyledons in early growth. It would appear that carbo-
hydrates and lipids are stored in the cotyledons as reserve 
substances. This was also the conclusion reached by Sidhu 
(1975). The very much higher TNC content suggests that it 
is the more important reserve material. The initial sharp 
decrease in TNC and lipid contents indicates that these sub-
stances are mobilized during the early phase of establishment, 
and the flattening off of the curves indicates that these reserves 
have been virtually expended after 14 days. Work by Butler 
& Steinke (1976) suggested that reserves were mobilized more 
rapidly in the outer than in the inner cotyledons, and this 
research would appear to support those observations. Utiliza-
tion of reserves during this early period would seem to be 
a mechanism to promote rapid growth of the seedling to 
ensure that it has become established by the time the next 
high spring tides occur. 
The loss in mass of TNC and lipids was almost 500 mg 
in 14 days and yet the cotyledons did not show a corres-
ponding decrease in mass. There is evidence that cotyledons 
are able to photosynthesize (Steinke, unpublished data), and 
it is suggested that this explained the apparent lack of decrease 
in mass of cotyledons at a time when storage materials were 
obviously being withdrawn from these organs. 
The very close correlation between decrease in mass of 
cotyledons and protein content is significant. TNC and lipids 
appear to be mobilized during very early growth without 
resulting in a corresponding decrease in mass of the cotyle-
dons. This decrease in mass would appear to be the result 
of a decrease in assimilation caused by the degradation and 
loss of proteins with the onset of senescence following the 
early use of these organs as a source of reserve material and 
for carbon assimilation. The senescent stage is clearly per-
ceptible in the appearance of the cotyledons which become 
thinner, change colour, shrivel and eventually abscise. The 
onset of senescence and time of eventual abscission of 
cotyledons varies: in the high temperature treatment, abscis-
sion had taken place by the end of the 12 weeks; in the field 
the cotyledons appeared still to be playing an assimilative role 
at this time, an observation supported by the slower decrease 
in protein per unit mass. Field observations have shown that 
cotyledons may be still attached about a year after propagule 
fall, although for how long they remain active is not known. 
The apparent lack of differences in mobilization of reserve 
materials at different temperatures is interesting. The fact that 
the first harvest was 14 days after establishment might have 
caused early differences to be missed. However, the results 
of the second experiment suggest that at lower temperatures, 
such as might be experienced by mangroves growing in more 
temperate zones, significantly lower rates might occur. Clearly 
this is a matter for investigation in the future. 
The initial decrease in mass of seedlings in the field and 
at low temperatures during establishment and early growth 
is due to the fact that the decrease in mass of cotyledons was 
not compensated for by a corresponding increase in roots and 
aerial parts. That seedlings show little growth at a time when 
reserves have been depleted suggests that they are very vul-
nerable during this period. Seedling establishment and growth 
has been shown to be a critical period for A vicennia species 
(Steinke 1975; Rabinowitz 1978a, b) . Rabinowitz (1978b) has 
indicated that A. germinans seedlings have high mortality rates 
which were attributed to photosynthetic assimilation being 
outstripped by respiration, causing seedlings to die from 
exhaustion of reserves. If, as this study suggests, reserves are 
virtually depleted after 14 days, exhaustion of reserves per 
se cannot be held responsible for death. It is more likely that 
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once reserves have been depleted the seedlings are less resilient 
or even highly susceptible to unfavourable conditions. Rapid 
growth at higher temperatures would limit the period of 
vulnerability. 
In the field , seedlings had to contend not only with lower 
temperatures than in the growth cabinets, but with other less 
favourable conditions also. It was apparent that this more 
hostile environment contributed to the slow initial growth 
shown by these plants. It is highly probable that seedlings at 
25°C in the field would not have grown as well as those in 
the growth cabinet at that temperature. The present study has 
indicated that because exhaustion of reserves occurs over a 
relatively short period, slow growth of seedlings in the field 
could be a significant factor contributing to high mortality 
rates of seedlings. This could apply especially in the lower 
temperature zones where the mangroves reach their distribu-
tion limits and may be an important factor limiting distribu-
tion of mangroves in the south-eastern Cape where propagule 
fall and establishment often take place in late autumn/early 
winter. There is thus a need for further investigation and 
observation under a wider set of conditions than obtained in 
this study. 
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